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The parameters generated by a curve ﬁtting method on the visual attentional blink (AB) of 14 dyslexic
and 14 control children were compared. The two groups differed on AB minimum parameters, whereas
both AB duration and AB amplitude parameters were the same. The results suggest that low ABminimum
is associated with poor reading. Moreover, phonological awareness was found to correlate with visual AB
parameters in the dyslexic group. Overall, the present study provides new methodological insights
regarding the assessment of the AB and visual sequential processing in relation to reading disorders.
 2010 Elsevier Ltd. All rights reserved.1. Introduction
Developmental dyslexia is a speciﬁc reading disorder that occurs
despite normal intelligence, normal teaching and in the absence of
any psychiatric or sensory disorder. The most documented
hypothetic cause of the reading disorder is a phonological deﬁcit
(Vellutino, Fletcher, Snowling, & Scanlon, 2004 for a review), and
has further been assumed to stem from temporal processing
difﬁculties in the auditory modality (Tallal, 1980). In addition to
the auditory modality, temporal processing in the visual domain
has been shown to be affected in dyslexia (Farmer & Klein, 1995).
However, the causal role of visual deﬁcits to the reading disorder
has been hotly debated (e.g., Skottun & Skoyles, 2006).
To unify and account for amodal temporal deﬁcits in the frame-
work of developmental dyslexia, Hari and Renvall (2001) proposed
that sluggish attentional shifting (SAS) would prevent dyslexic
individuals from disengaging their attentional focus fast enough
from a stimulus to re-engage on the next one. SAS would therefore
degrade the processing of essential cues in both phonological
(auditory) and graphemic (visual) representations’ the build upll rights reserved.
d is not under review with
ch it will not be reprinted
the consent of the publisher,
gie et Neuro-Cognition (UMR
venue Centrale, BP 47, 38040processes. Visual SAS in developmental dyslexia has preferentially
been investigated through the attentional blink (AB; e.g., Hari, Val-
ta, & Uutela, 1999; Lacroix et al., 2005). The visual AB reﬂects pro-
cessing difﬁculties occurring in rapid serial visual presentation
paradigms: When faced to stimulus streams, participants typically
fail to detect a second target (T2) shortly presented after a ﬁrst to-
be-identiﬁed target (T1). A deﬁcit in such dual tasks, compared
with single tasks (i.e., one single target to be processed), reﬂects
temporal constraints of visual attention such as the ‘‘attentional
dwell time” (Duncan, Martens, & Ward, 1997).
Research conducted on the AB in impaired readers has given
rise to discrepant results and has been the subject of criticism on
several grounds (Badcock, Hogben, & Fletcher, 2008). While some
studies showed AB deﬁcits in dyslexic participants (Facoetti, Ruff-
ino, Peru, Paganoni, & Chelazzi, 2008; Hari et al., 1999; Lallier, Don-
nadieu, Berger, & Valdois, 2010; Visser, Boden, & Giaschi, 2004),
others have failed to reveal atypical AB pattern in these individuals
(Badcock et al., 2008; Buchholz & Davies, 2007; Lacroix et al.,
2005). Overall, previous AB studies conducted in dyslexic partici-
pants suffer from a lack of homogeneity regarding either the char-
acterization of the deﬁcit, or the method used to measure it (e.g.,
dual task and/or single task group comparisons). For example, AB
deﬁcits have been attributed to a duration deﬁcit and/or to a dual
task’s cost deﬁcit regardless of temporal features.
This lack of a concise deﬁnition of the deﬁcit could, in part, be
attributed to the complexity of the AB phenomenon. Indeed, the
AB could be deﬁned as a function of four parameters (lag-1 sparing,
duration, minimum and amplitude) as illustrated by the AB curve
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Jolicoeur (2006): lag-1 sparing refers to the rapidity at which T1
processing negatively impacts on T2 performance; AB duration
corresponds to the attentional dwell time; AB minimum is the
worst performance on T2 detection; and AB amplitude refers to
the difference between the worst and the best T2 detection
performance. Using the curve ﬁtting method, it becomes possible
to quantify the deﬁcit with speciﬁc parameters, and strengthen
the statistical power for group comparisons on AB performance.
The aim of the present study is to parameterize the visual AB in
dyslexic children following Cousineau et al.’s (2006) model. So far,
AB duration, AB minimum and AB amplitude have been discussed
in relation to reading disorders, and have been found to be im-
paired in participants exhibiting severe (i.e., dyslexic participants)
or mild (i.e., non dyslexic participants) reading impairments. It has
also been proposed that longer AB duration would be restricted to
dyslexic readers and that greater AB depth (minimum) would char-
acterize poor readers only (La Rocque & Visser, 2009). However,
deﬁcits on both AB duration and AB minimum have been reported
in the same dyslexic participants (Facoetti et al., 2008; Hari et al.,
1999) as well as deﬁcits on AB duration and AB amplitude (Lallier
et al., 2010). Moreover, the three parameters because they are
known as correlating (Cousineau et al., 2006) might be simulta-
neously altered in developmental dyslexia. Using the curve ﬁtting
method (Cousineau et al., 2006) and a rigorous control baseline be-
tween groups (Badcock et al., 2008), the present study seeks to dis-
entangle in a stringent way whether any parameter would be
atypical in phonological dyslexic children, and if so, which one(s).1 These two groups only include the 28 children who fulﬁlled the selection criteria
on AB task performance presented in the ‘‘data analysis” section.2. Materiel and method
2.1. Participants
Fourteen dyslexic children (11 years 3 months) and 14 age-
matched control children (10 years 8 months) took part in the
experiment. We were unable to use a strict inclusion criterion
regarding the age of dyslexic participants for practical reasons.
As a result, the dyslexic group included two children in 3rd grade,
three in 4th grade, six in 5th grade and three in 6th grade, while
the control children were drawn from the 4th (three children)
and 5th (11 children) grades only. Therefore, the mean chronolog-
ical age of the ﬁnal dyslexic group tend to be older than the control
group (p = .054). All participants attended school regularly and had
French as native language. They had normal or corrected-to-nor-
mal vision, normal hearing level, and no history of neurological
or psychiatric disorders. The dyslexic children were recruited at
the ‘‘Centre référent des troubles des apprentissages” (Reference
Centre for Speciﬁc Learning Disorders) of the Pediatric Department
of the Hospital of Grenoble and the Neuropediatric Departement of
the Kremlin-Bicêtre Hospital in Paris. The diagnosis of develop-
mental dyslexia was established using both inventories and testing
procedures in accordance with the guidelines of the ICD-10 classi-
ﬁcation of Mental and Behavioral disorders. All the dyslexic partic-
ipants had normal IQ (full IQ superior to 85 on the WISC-III or
WISC-IV, or a score superior to the 25th percentile on the Raven’s
Progressive Matrices; Raven, Court, & Raven, 1998).
The two groups of children underwent clinical examination be-
fore the AB experiment in order to evaluate their reading skills. The
‘‘Alouette” Reading Test (Lefavrais, 1967) was used to estimate the
reading age of each child. The children were diagnosed as dyslexics
if (i) their reading age was at least 18 months lower than expected
according to their chronological age and (ii) they scored below
1.65 standard deviations from the mean score obtained by the
corresponding age norm on the regular, irregular and pseudo-word
reading lists, speed or accuracy (ODEDYS battery, Jacquier-Roux,Valdois, & Zorman, 2002; for the normative data, see Bosse & Val-
dois, 2009). Since the SAS theory assumes that both auditory and
visual SAS would relate to phonological disorders, dyslexic chil-
dren were further administered two phonological tasks (EVALEC
battery, Sprenger-Charolles, Colé, Béchennec & Kipffer-Piquard,
2005) including a phoneme awareness task (deletion of the ﬁrst
phoneme of consonant–consonant–vowel strings) and a phonolog-
ical short-term memory task.
Characteristics of the two groups are provided in Table 1.1
Dyslexic children presented a younger reading age as well as a great-
er reading delay than control children (for the two adjusted zs,
ps < .001). In addition, the two groups differed on the three reading
lists for both speed and accuracymeasures, showing that the dyslexic
group exhibited poorer reading skills than the control group (for all ts
or adjusted z, ps < .001). Moreover, the dyslexic group was impaired
on the phonological short-term memory task (p < .05) and showed
marginally poor phoneme deletion skills (p = 0.058; for the norma-
tive data of the phonological tasks, see Sprenger-Charolles, Cole,
Béchennec, & Kipffer-Piquard, 2005).2.2. Stimuli and procedure
Participants were tested individually on the AB task. The exper-
iment took place in a moderately lit room. The stimuli were black
or red digits (1–9) – 12 Arial font subtending approximately
0.7  0.7 of visual angle – presented on a gray background
(red: 192, green: 192, blue: 192). Stimuli were presented using
E-prime software on a PC computer running Windows 2000. The
computer screen was a 17-in. and had a refresh rate of 85 Hz. Each
digit was displayed for 50 ms with an ISI of 66 ms, yielding a stim-
ulus onset asynchrony of 116 ms. The viewing distance was 60 cm.
Visual digits were displayed at the center of the screen according
to a rapid serial presentation paradigm. Each trial consisted of
15, 19 or 23 digits. Fig. 1 illustrates the AB procedure.
The AB was measured in a dual task condition where T1 had to
be identiﬁed and T2 had to be detected. T1 was the only red digit in
the stream and could be either 1 or 5. T2 was the number 0 and
was black like the distractors. Participants were also administered
a single task condition where only T2 had to be detected. The single
task was used to control that participants were able to process T2
when not preceded by the previous identiﬁcation of T1. In the dual
task condition, T1 was always present and T2 occurred randomly in
half of the trials. The position of T1 was randomly permuted within
trials so that it appeared as many times at positions 7, 11 or 15, and
for a given trial, T1 was randomly chosen between the two digits 1
and 5. In the single task condition, T1 was replaced by a black digit.
The stimuli for a given trial were randomly generated by the com-
puter under the constraint that the same digit could not appear in
the previous four positions. Each participant completed two suc-
cessive blocks of 84 trials: a single task block followed by a dual
task block. For the two blocks, seven lags between T1 and T2, from
lag 1 (no intervening items, SOA = 100 ms) to lag 7 (SOA = 700 ms),
were crossed with the three serial positions of T1. The experimen-
tal design of each block corresponded to 42 sequences [3(pre-T1
ﬁllers)  7(lag)  2(T2 presence)] presented twice. T2 was pre-
sented 12 times at each lag. A practice block of 15 trials (where a
feedback was given) was followed by the single task block. The
experimenter initiated each trial and a ﬁxation cross lasting
500 ms appeared at the center of the screen. One hundred millisec-
onds after the offset of the ﬁxation cross, the stimulus stream was
presented. After each trial, participants were instructed to report
aloud whether T2 was present or not (yes or no answers). In the
Table 1
Characteristics of control (n = 14) and dyslexic (n = 14) children regarding age,
reading performance, and phonological performance.
Control group Dyslexic group pa
M (SD) z-score M (SD) z-score
Chronological age (months) 128.4 (7.7) – 135.4 (9.9) – .054 n.s.
Alouette
Reading age (months) 118.5 (13.8) – 84.9 (5.1) – <.0001
Reading delay (months) 9.9 (16.0) – 50.4 (7.8) – <.0001
Reading lists
Regular words Accuracy/20 18.7 (0.8) 0.2 13.6 (3.0) 2.2* <.0001
Speed (s) 19.6 (4.1) 0.2 63.5 (36.7) 5.4** <.0001
Irregular words Accuracy/20 16.1 (1.5) 0.1 7.4 (3.6) 2.3* <.0001
Speed (s) 23.7 (6.3) 0.3 73.4 (38.0) 5.1** <.0001
Pseudo-words Accuracy/20 17.8 (2.0) 0.2 11.0 (4.2) 2.6** <.0001
Speed (s) 25.1 (7.0) 0.3 59.7 (26.0) 3.6** <.0001
Phonology
CCV deletion % – – 53.0 (22.0) 1.57
Phonological short-term memory % – – 45.1 (20.2) 1.89*
a Mann–Whitney U test except for ‘chronological age’ (two-tailed t test) and
‘pseudo-word accuracy’ (one-tailed t test). For the p-values of z-scores (one-tailed)
*: p < .05 and **: p < .01 (Bosse and Valdois’s (2009) norms for the reading mea-
sures, and Sprenger-Charolles et al.’s (2005) norms for the phonological tasks).
Fig. 1. Dual task procedure of the rapid serial visual presentation paradigm.
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feedback was given.2 Even though poor performance is expected for the ﬁrst lags in the dual condition,
this last criterion permits to ensure that the participants perform the dual task above
chance level.
3 The free program script is available online at the following address: http://
www.mapageweb.umontreal.ca/cousined/papers/21-ABFitting/.
4 It could be argued that the group  lag interactions being not signiﬁcant, it is not
allowed to measure the group contrasts. However, our hypotheses on group
differences are speciﬁc, and could be made ‘‘a priori”, i.e., group difference expected
for earlier but not later lags.
5 A Mann–Whitney test was used to assess the group difference at lag 5 because of
non respect of variance homogeneity.3. Data analysis
For each following analysis conducted, the assumptions have
been checked (normality with Kolmogorov–Smirnov test; spheric-
ity with Mauchly test; variance homogeneity with Levene test). In
the results section adapted correction used will be mentioned in
case of the assumptions were not respected.
3.1. Baseline performance assessment
To rule out additional deﬁcits potentially affecting T2 detection
performance in the dual task, two ANOVAs with group (control vs.
dyslexic) as between-subject factor, and lag (1–7) as within-sub-
ject factor were carried out on T1 performance in the dual task
and on T2 performance in the single task. The ﬁnal participantswere selected based upon their ability to perform the AB task (note
that 27 control and 17 dyslexic children were initially assessed).
Therefore, task sensitivity analyses for the dual and single task con-
ditions were conducted. Participants performance had to fulﬁl the
following criteria: (1) mean d0 for T2 detection P2 for both the
dual and single task conditions, (2) mean T2 detection performance
P60% for the single task condition, (3) mean T1 detection perfor-
mance P60% for the dual task condition, and (4) mean T2 detec-
tion performance P50% for the dual task condition.2 This
selection discarded the data of seven control and three dyslexic par-
ticipants due to poor performance in the dual task condition (% or d0).
Then, control participants were selected in order to match the dys-
lexic group for both size (n = 14) and chronological age (p < .05).
3.2. AB assessment: T2 performance on dual task
For the AB parameters analysis, we used the program imple-
mented by Cousineau et al. (2006)3 executed byWolframMathemat-
ica 6 software in order to generate the individual AB functions. For
each participant, the program generated four AB parameters (lag-1
sparing, duration, minimum and amplitude) based on the mean T2
detection performance,whenT1was correctly identiﬁed, at each tem-
poral lags. AB analyses were conducted using an ANOVA with Group
(control vs. dyslexic) as the between-subject factor, and lag (1–7) as
the within-subject factor both on T2 performance in the dual task
and on output parameter values. Correlation analysis between AB
parameters and reading and phonological skills were also performed.
4. Results
4.1. Baseline performance assessment
The two analyses failed to reveal any Group or Lag main effects
(ps > .05), although a marginal Group effect was found on T2 detec-
tion in the single task (F(1, 26) = 4.1, .05 < p < .06) suggesting that
the dyslexic group tended to exhibit poorer detection skills
(M = 78%, SD = 16%) than the control group (M = 85%, SD = 13%).
The overall results however suggested that the control and dyslexic
groups had high performance at all lags, i.e., T1 identiﬁcation in the
dual task exceeding 86%, and T2 detection in the single task
exceeding 70%. Furthermore, the Group by Lag interaction on T1
identiﬁcation was not signiﬁcant (F < 2, p > .05) suggesting that
performance of the two groups was similar over temporal lags.
However, in order to assess the potential inﬂuence of temporal lags
on T1 performance (since performance at later lags could mask
early lag difference), we conducted additional group comparisons
at each lags (Fig. 2a),4 but no difference was shown (all ps > .1). Con-
cerning T2 detection in the single task (Fig. 2b), performance of the
two groups varied differently according to the temporal position of
T2 (F(6, 156) = 2.2, p < .05). Since an absence of group difference
was predicted on the single task, post hoc analyses were conducted
using the non-conservative LSD test. At lag 2 only, dyslexic children
showed poorer performance (M = 71%, SD = 16%) than control chil-
dren (M = 88%, SD = 12%) [p < .01]. There was no other signiﬁcant
(or marginal, i.e., .05 < p < .08) Group difference for the other lags.5
Fig. 2. Mean performance (%) for the dyslexic (black lines) and the control (gray lines) groups together with standard error bars, on T1 identiﬁcation in the dual task (A) and
T2 detection in the single task (B). Signiﬁcant differences between group across lags are indicated: **p < .01.
Fig. 3. AB proﬁles obtained in the dyslexic (n = 14, black curve) and control (n = 14,
gray curve) groups. The curves illustrate mean group performance in the dual task
condition, based on the computed individual parameters. The crosses depict the
mean group performance (%) at each lag in the dual task. Dotted lines depict
standard error bars. Note that the ﬁtted curves do not perfectly overlap crosses:
whereas both the curves and crosses are a measure of between-subject variability
(since based upon the average of individual ‘‘sets of parameters” and ‘‘percentage
scores” respectively), only the curves depict the within-subject variability because
parameters are generated based upon the seven lag performance of each
participant.
Table 2
Mean parameters for control (n = 14) and dyslexic (n = 14) participants computed
from the four estimated individual AB parameters.
Control group Dyslexic group pa
M (SD) M (SD)
Attentional blink parameters
Lag-1 sparing (l) 0.44 (.3) 0.27 (0.3) .20 n.s.
Duration (d) 0.58 (0.5) 0.56 (0.4) .88 n.s.
Minimum (m) 0.63 (0.2) 0.48 (0.3) .03
Amplitude (a) 0.28 (0.2) 0.37 (0.2) .19 n.s.
a Planned comparisons testing a priori hypotheses.
6 The parameter analysis was also conducted without taking into account the
selection criteria regarding AB task performance. The three dyslexic participants
previously excluded were therefore included, Seventeen control participants from the
initial group were selected to match the dyslexic group for age (p > .05). Results
showed a signiﬁcant Group by Lag interaction on T2 detection in the single task,
illustrating that the dyslexic group was poorer than the control group at lags 1, 2 and
5 (p < .01). Note that this result did not fulﬁll the ‘‘good sensitivity” criteria on the
single task. Planned comparison on parameters did not reveal any group difference.
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A conventional Group by Lag AB analysis revealed a main Group
effect (F(1, 26) = 6.3, p < .05) showing that dyslexic children exhib-
ited difﬁculties as compared to control children in the dual task
condition. There was also a Group by Lag interaction (F(6, 156) =
2.2, p < .05), illustrating that temporal deployment of visual atten-
tion differed between groups. Newman–Keuls post hoc tests
showed a signiﬁcant difference at lag 4 only (p < 0.5), with T2
detection being signiﬁcantly lower for the dyslexic group
(M = 56%, SD = 20%) than for the control group (M = 83%,
SD = 15%). Based on previous literature on reading difﬁculties (La
Rocque & Visser, 2009; Lallier et al., 2010), the AB deﬁcit found
at lag 4 could be similarly explained by either atypically longer,
or atypically deeper, or atypically longer and atypically deeper
AB in dyslexic participants (Li, Lin, Chang, & Hung, 2004). The
parameter analysis was carried out in order to disentangle to what
extend each AB parameter played a role in the dual task deﬁcit.
Fig. 3 illustrates the AB proﬁle of the two groups.
There was no Group effect (p > .05), and no Group by Parameter
interaction (F < 1, p > .05) on parameters output values. Based on
speciﬁc a priori hypotheses regarding atypical parameters in dys-
lexic participants (i.e., duration, minimum, or amplitude), addi-
tional planned comparisons were carried out. The parameters
values and p-values following group comparisons are presented
in Table 2.No Group effect was obtained on AB duration (F < 1, ns). A
Group effect was revealed for AB minimum, reﬂecting a lower min-
imum for the dyslexic group than the control group [F(1, 26) = 4.8,
p < .05]. AB amplitude did not signiﬁcantly differ between groups
(F(1, 26) = 1.8; p = .19) such as lag-1 sparing (F(1, 26) = 1.3,
p = .20).6 In the whole sample (n = 28), partial correlations control-
ling for age revealed that AB duration did not correlate with AB min-
imum or AB amplitude (ps > .05), whereas the two latter parameters
correlated with each other (rpartial = .74, p < .001). Regarding read-
ing skills, a signiﬁcant positive relation was found between AB min-
imum and reading age (rpartial = .44, p < .05) in the whole sample. No
other AB parameter correlated with any of the reading measures. Fi-
nally, correlation analyses showed that performance on the short-
term memory and phonemic deletion tasks positively correlated
(rpartial = .55, p < .05) showing that the two tasks measured similar
processing. They also showed that the greater the AB amplitude,
the higher the short-term memory skills (rpartial = .65, p < .05) and
the higher the phonemic deletion skills (rpartial = .57, p < .05).
Namely, high T2 performance was reached at earlier lags (i.e., faster)
for dyslexic participants exhibiting good phonological awareness
skills. However, based on the correlation found between low ABmin-
imum and high AB amplitude in the whole sample, the opposite cor-
relation should have been expected, i.e., the smaller the amplitude,
the better the phonological skills and therefore the better the read-
ing skills. When the potential inﬂuence of AB minimum on the cor-
relation between phonological skills and AB amplitude was held
constant, the relation between AB amplitude and short-term mem-
ory skills disappeared (rpartial = .44, p = .15) but persisted and in-
creased for phonemic deletion skills (rpartial = .59, p < .05). No
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and any other AB parameters.5. Discussion
The present study raised the question of AB investigation in
relation to visual attentional sequential deﬁcits in reading disor-
ders. Here, we controlled for the good task sensitivity of both the
dyslexic and the control groups, in both the dual and single tasks,
and further showed that T2 performance did not differ between
groups in the single task. Since we found a deﬁcit at lag 2 on the
single task in dyslexic participants, it could be considered that
AB minimum deﬁcit found in dyslexic children in the present study
was driven by their slightly poorer performance on T2 detection in
the single task. However, if T2 performance in the single task
determined T2 performance in the dual task, a group difference
would have been expected at lag 2 in the dual task, or reciprocally,
at lag 4 in the single task because of the group difference found in
the dual task. A few studies investigating visual AB in relation to
reading controlled for single task performance between groups
(e.g., Buchholz & Davies, 2007; Lallier et al., 2010; Visser et al.,
2004). However, we propose that this control is necessary to inter-
pret the poor T2 performance of dyslexic individuals in the dual
task as a consequence of prolonged attentional dwell time (Hari
& Renvall, 2001) rather than of difﬁculties affecting the processing
of a target in a stimulus stream.
In the present study, a classical AB analysis showed different
temporal attentional skills between the two groups in the dual
task, reﬂected by a group difference at lag 4. One may consider
the drop of performance at lag 4 in dyslexic children as atypical
regarding a prototypical AB pattern. It is important to bear in mind
that we examined visual attentional skills in a very peculiar popu-
lation including: (i) children, thus making the variability within
groups greater (as compared to adults), (ii) dyslexic patients who
are likely to exhibit highly heterogeneous symptoms and behavior
(Ramus et al., 2003). Importantly, a study of our team (Donnadieu,
Berger, Lallier, Marendaz, & Laurent, 2010) used the same AB task
in children with ADHD. Results clearly illustrate a minimum at lag
4 in those children, like in the present dyslexic population. Repli-
cating similar results at lag 4 in another pathological population
further likely to exhibit visual attention disorders similar to dys-
lexic children (e.g., Dhar, Been, Minderaa, & Althaus, 2008), leads
to reject the idea that performance at lag 4 is ‘‘unusual” in our dys-
lexic participants. Note that still, performance at lag 3 could be
considered as ‘‘atypical”. After inspection of the individual data,
the possible ‘‘unusual” performance at lag 3 appears to stem from
two dyslexic participants exhibiting a high performance at lag 3
(100%) whereas performance at lag 2 or lag 4 were much lower
(i.e., 25% and 20%, or 75% and 66%).7
To disentangle whether the group difference at lag 4 in the dual
task was due to a duration deﬁcit, a minimum deﬁcit or even both
(La Rocque & Visser, 2009), a curve ﬁtting method and a parameter
analysis were used. We found that AB duration was preserved in
dyslexic children, therefore questioning the SAS theory’s prediction
(Hari & Renvall, 2001). In previous results on developmental dys-
lexia, AB duration was deﬁned, in the dual task, as the number of
lags where a group difference was observed (Facoetti et al., 2008;7 Furthermore, since performance was regularly assessed over a high number of
short lags (i.e., 116 ms SOA for seven lags), the probability of observing at least one
instance of atypical performance was increased. Dense sampling rates at shorter lags
have not been systematically used to assess AB performance in previous studies on
developmental dyslexia (e.g., Buchholz & Davies, 2007: every 200 ms until 800 ms;
Larocque and Visser, 2009: 100, 200, 300, 500 and 700 ms; Visser et al., 2004: 100,
300, 700 and 1400 ms). It is thus difﬁcult to determine whether similar atypical
performance occurred in these dyslexic groups.Hari et al., 1999; Lacroix et al., 2005; Lum, Conti-Ramsden, & Lin-
dell, 2007). We propose that such deﬁcit at early lags (i.e., 100–
500 ms) may correspond to the AB minimum deﬁcit found in dys-
lexic children in the present study (see also Lum et al., 2007).
In the parameter analysis, AB duration was deﬁned as ‘‘the
width of the depressed region” (Cousineau et al., 2006, p. 175)
regarding T2 performance. This deﬁnition implies that AB duration
assessment starts when T2 detection drops, according to the classic
AB deﬁnition referring to a deﬁcit in visual attentional processing
(Shapiro, Raymond, & Arnell, 1997). Interestingly, lag-1 sparing
parameter refers to the absence of T2 deﬁcit when it is temporally
adjacent to T1 as compared to the maximal T2 deﬁcit when the two
targets are separated by intervening distracters (Visser, Zuvic, Bisc-
hof, & Di Lollo, 1999 for a review). Therefore, performance sparing,
i.e., at lag 1, could be excluded from the ‘‘depressed region” deﬁn-
ing AB duration. In former studies of AB duration however, lag-1
sparing effect was rarely mentioned (see however Lallier et al.,
2010; Visser et al., 2004). Therefore, previous studies measuring vi-
sual AB may not have assessed AB duration similarly as we did in
the present study. Although the study of Amirault et al. (2009) does
not investigate developmental dyslexia but autism, the results
could illustrate why a potential lag-1 sparing effect might interfere
with estimation of AB duration. This study showed that the control
group was impaired in a dual task (compared to a single task) from
lag 1 to lag 3 (i.e., no lag-1 sparing, AB lasting over 3 lags), whereas
the autistic group exhibited a deﬁcit from lag 2 to lag 4 (lag-1 spar-
ing, AB lasting over 3 lags). Interestingly, the deﬁcit was still pres-
ent at lag 8 for the patient group but not for the control group.
Since the authors did not provide performance at lags 5–7, for
any of the two groups, it is uncertain whether the group difference
at lag 8 stemmed from a deﬁcit regularly observed over lags 5–7
for the autistic group. Therefore, when one takes into account the
four ﬁrst lags only, it might be considered that AB duration is the
same but shifted by one lag in the group with lag-1 sparing, there-
by leading to a spurious conclusion that the group that showed lag-
1 sparing had a ‘‘longer” AB. Overall, discrepancies between studies
on AB duration in developmental dyslexia might stem from a lack
of consistency regarding both the assessment and the deﬁnition of
the deﬁcit. Note that the age of dyslexic participants could be an
additional methodological aspect important to take into account
when visual rapid attentional shifting is assessed (Lallier et al.,
2009).
It may be however premature to reject the hypothesis of an AB
duration deﬁcit in developmental dyslexia. To answer this ques-
tion, future studies should accurately deﬁne AB duration deﬁcits
and use adapted methods to assess the parameter. In addition, in
the light of present and previous ﬁndings, AB duration and AB min-
imum may be two parameters tightly related (Cousineau et al.,
2006), such as showed in dyslexia studies where deﬁcits on the
two AB parameters were simultaneously observed (Lallier et al.,
2010; Lum et al., 2007). This double-deﬁcit has also been found
in ADHD (Li et al., 2004), in individuals with high level of impulsiv-
ity (Li, Chen, Lin, & Yang, 2005) and in depressive disorder (Rokke,
Amell, Koch, & Andrews, 2002). Intrigued by this double-deﬁcit
pattern, Li et al. (2004) proposed a theoretical model explaining
both AB duration and AB minimum deﬁcits in ADHD children.
The model proposed is grounded in the two-stage model (Chun &
Potter, 1995) and formalizes a module controlling the information
stream from a ﬁrst pre-central stage to a second central stage: the
attentional gate. This control relies on opening and closing dynam-
ics of the gate which allows a limited amount of information going
through at each instant, in order to access the central stage. For
example, Li et al. (2004) assume that the sluggishness of closing
or re-opening dynamics of the attentional gate could lead to both
deeper (lower minimum) and wider (longer duration) AB. The most
plausible being that gate dynamics are sluggish as a whole, the
1860 M. Lallier et al. / Vision Research 50 (2010) 1855–1861tight relation between the two AB deﬁcits would be explained. Gi-
ven the well known co-morbidity of ADHD and dyslexia (e.g., Dun-
can et al., 1994), SAS reﬂected by attentional disengagement (or
gate closing) and re-engagement (or gate re-opening) could be in-
volved in both AB minimum and AB duration deﬁcits in dyslexia.
Going beyond investigation restricted to severe reading disor-
ders, La Rocque and Visser (2009) claimed that dyslexic individuals
could dissociate from normal readers on AB duration (Hari & Renv-
all, 2001) but that low-normal readers would differ from high-nor-
mal readers on the AB depth (i.e., minimum) only. This statement
would assume differential deﬁcits in dyslexic and non dyslexic
poor readers on visual sequential processing. However, before such
a conclusion, dyslexic and poor readers have to be assessed on the
same task, with the same AB measurement methods and an AB
duration deﬁcit in the absence of any AB minimum deﬁcit has to
be reported in dyslexic readers but the opposite pattern in non dys-
lexic poor readers. The results of the present study however
showed that dyslexic children differed from control children on
AB minimum only. Correlation analyses controlling for chronolog-
ical age further conﬁrmed a signiﬁcant relation between AB mini-
mum and reading level, suggesting that low AB minimum was
associated with reading difﬁculties such as observed in mild read-
ing acquisition delay (see McLean, Stuart, Visser, & Castles, 2009).
The present ﬁndings then suggest that the investigation of AB min-
imum may be as important as the study of AB duration in relation
to reading disorders, including both dyslexic and typical reading.
Lastly, it was predicted that AB performance would be linked to
phonological skills within the dyslexic group (Hari & Renvall,
2001). The positive correlation observed between AB amplitude
and phonological skills in dyslexic children suggests that the high-
er the AB amplitude, the better the phonological skills. The polarity
of this correlation was however unexpected given that high AB
amplitude was also related to low minimum and low reading age
in the whole sample. We then showed that AB amplitude still con-
tributed to phonemic deletion performance in the dyslexic popula-
tion even after the AB minimum inﬂuence was held constant. This
result suggests that dyslexic individuals with the highest phone-
mic awareness skills rapidly recover normal high T2 performance
regardless of AB minimum, and might therefore present milder
(or no) visual SAS than their peers with poor phonemic awareness
skills. Along these lines, Lallier et al. (2010) showed that a dyslexic
adult presenting a severe phonological disorder measured by pseu-
do-word reading, spelling and phonological awareness, exhibited
an atypical visual AB compared with a group of control adults.
Overall, these results support the link between visual attentional
shifting deﬁcits and phonological disorders in developmental dys-
lexia, according to the SAS theory.6. Conclusion
The present study evaluated visual SAS in dyslexic children with
a new approach consisting in parameterizing the AB complex phe-
nomenon. Although dyslexic children did not differ from control
children on AB duration contrary to the SAS theory predictions,
they exhibited a lower AB minimum. The literature and the present
results suggest that AB minimum should be considered when AB
deﬁcits are assessed in relation to reading disorders, both in dys-
lexic and non dyslexic readers. In addition, it is suggested that
SAS relates to the phonological disorder in developmental dyslexia.
Future studies will have to determine methodological factors mod-
ulating AB deﬁcits such as age, experimental procedure, or AB
quantiﬁcation methods. Overall, the present study recommends
the use of parameters to characterize AB deﬁcits in dyslexic indi-
viduals in a more stringent way.Acknowledgments
This research was supported by the CNRS (Centre National de la
Recherche Scientiﬁque) and the French Research Ministry. We
thank Marie-Ange N’Guyen, Emilie Longeras, Catherine Billard,
and Camille Chabernaud for their valuable help in the recruitment
and diagnosis of the dyslexic children. We thank all the dyslexic
and control children and their family for their participation in this
research. Lastly, we thank Troy Visser and Nicholas Peatﬁeld for
their helpful comments on previous versions of the manuscript.Appendix A. Supplementary material
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.visres.2010.06.006.References
Amirault, M., Etchegoyhen, K., Delord, S., Mendizabal, S., Kraushaar, C., Hesling, I.,
et al. (2009). Alteration of attentional blink in high functioning autism: A pilot
study. Journal of Autism and Development Disorders, 39, 1522–1528.
Badcock, N. A., Hogben, J. H., & Fletcher, J. F. (2008). No differential attentional blink
in dyslexia after controlling for baseline sensitivity. Vision Research, 48,
1497–1502.
Bosse, M. L., & Valdois, S. (2009). Inﬂuence of the visual attention span on child
reading performance. A cross-sectional study. Journal of Research in Reading, 32,
230–253.
Buchholz, J., & Davies, A. (2007). Attentional blink deﬁcits observed in dyslexia
depend on task demands. Vision Research, 47, 1292–1302.
Chun, M. M., & Potter, M. C. (1995). A two-stage model for multiple target detection
in rapid serial visual presentation. Journal of Experimental Psychology: Human,
Perception and Performance, 21, 109–127.
Cousineau, D., Charbonneau, D., & Jolicoeur, P. (2006). Parameterizing the
attentional blink effect. Canadian Journal of Experimental Psychology, 60,
175–189.
Dhar, M., Been, P., Minderaa, R., & Althaus, M. (2008). Distinct information
processing characteristics in dyslexia and ADHD during a covert orienting
task: An event-related potential study. Clinical Neurophysiology, 119(9),
2011–2025.
Donnadieu, S., Berger, C., Lallier, M., Marendaz, C., & Laurent, A. (2010). Evaluation of
selective attention in ADHD children: Developmental delay or speciﬁc
structural disorder? Oral Communication, 1er Congrès International de
Langue Française sur le TDA/H. June 24–25, Université Victor Segalen
Bordeaux 2, Bordeaux, France.
Duncan, J., Martens, S., & Ward, R. (1997). Restricted attentional capacity within but
not between sensory modalities. Nature, 387, 808–810.
Duncan, C. C., Rumsey, J. M., Wilkniss, S. M., Denckla, M. B., Hamburger, S. D., &
Oudou-Potkin, M. (1994). Developmental dyslexia and attention dysfunction in
adults: Brain potential indices of information processing. Psychophysiology, 31,
386–401.
Facoetti, A., Rufﬁno, M., Peru, A., Paganoni, P., & Chelazzi, L. (2008). Sluggish
engagement and disengagement of non-spatial attention in dyslexic children.
Cortex, 44, 1221–1233.
Farmer, M. E., & Klein, M. R. (1995). The evidence for a temporal processing deﬁcit
linked to dyslexia: A review. Psychonomic Bulletin & Review, 2, 460–493.
Hari, R., & Renvall, H. (2001). Impaired processing of rapid stimulus sequences in
dyslexia. Trends in Cognitive Sciences, 5, 525–532.
Hari, R., Valta, M., & Uutela, K. (1999). Prolonged attentional dwell time in dyslexic
adults. Neuroscience Letters, 271, 202–204.
Jacquier-Roux, M., Valdois, S., & Zorman, M. (2002). ODEDYS: un outil de dépistage
des dyslexies Grenoble: Laboratoire cogni-sciences, IUFM de Grenoble.
La Rocque, C. L., & Visser, T. A. (2009). Sequential object recognition deﬁcits in
normal readers. Vision Research, 49, 96–101.
Lacroix, G. L., Constantinescu, I., Cousineau, D., de Almeida, R. G., Segalowitz, N., &
Von Grunau, M. (2005). Attentional blink differences between adolescent
dyslexic and normal readers. Brain & Cognition, 57, 115–119.
Lallier, M., Donnadieu, S., Berger, C., & Valdois, S. (2010). A case study of
developmental phonological dyslexia: Is the attentional deﬁcit in the
perception of rapid stimuli sequences amodal? Cortex, 46, 231–241.
Lallier, M., Thierry, G., Tainturier, M. J., Donnadieu, S., Peyrin, C., Billard, C., et al.
(2009). Auditory and visual stream segregation in children and adults: An
assessment of the amodality assumption of the sluggish attentional shifting’
theory. Brain Research, 11, 132–147.
Lefavrais, P. (1967). Test de l’Alouette. Paris: Editions du centre de psychologie
appliquée.
Li, C. S. R., Chen, S. H., Lin, W. H., & Yang, Y. Y. (2005). Attentional blink in
adolescents with varying levels of impulsivity. Journal of Psychiatric Research, 39,
197–205.
M. Lallier et al. / Vision Research 50 (2010) 1855–1861 1861Li, C.-S. R., Lin, W.-H., Chang, H.-L., & Hung, Y.-W. (2004). A psychophysical measure
of attention deﬁcit in children with attention deﬁcit hyperactivity disorder.
Journal of Abnormal Psychology, 113, 228–236.
Lum, J. A., Conti-Ramsden, G., & Lindell, A. K. (2007). The attentional blink reveals
sluggish attentional shifting in adolescents with speciﬁc language impairment.
Brain and Cognition, 63, 287–295.
McLean, G., Stuart, G., Visser, T. A. W., & Castles, A. E. (2009). The attentional blink in
developing readers. Scientiﬁc Studies of Reading.
Ramus, F., Rosen, S., Dakin, S. C., Day, B. L., Castellote, J. M., White, S., et al. (2003).
Theories of developmental dyslexia: Insights from a multiple case study of
dyslexic adults. Brain, 126, 841–865.
Raven, J. C., Court, J. H., & Raven, J. (1998). Progressive matrices standard (PM38).
Paris: EAP.
Rokke, P. D., Amell, K. M., Koch, M. D., & Andrews, J. T. (2002). Dual-task
attention deﬁcits in dysphoric mood. Journal of Abnormal Psychology, 111,
370–379.
Shapiro, K. L., Raymond, J. E., & Arnell, K. M. (1997). The attentional blink. Trends in
Cognitive Sciences, 1, 291–296.Skottun, B. C., & Skoyles, J. R. (2006). Attention, reading and dyslexia. Clinical
Experimental Optometry, 89, 241–245.
Sprenger-Charolles, L., Cole, P., Béchennec, D., & Kipffer-Piquard, A. (2005). French
normative data on reading and related shills from EVALEC: A new
computadorized battery of tests (end Grade 1, Grade 2, Grade 3, and Grade
4). European Review Applied Psychology, 55, 157–186.
Tallal, P. (1980). Auditory temporal perception, phonics, and reading disabilities in
children. Brain and Language, 9, 182–198.
Vellutino, F. R., Fletcher, J. M., Snowling, M. J., & Scanlon, D. M. (2004). Speciﬁc
reading disability (dyslexia): What have we learned in the past four decades?
Journal of Child Psychology and Psychiatry, 45, 2–40.
Visser, T. A., Boden, C., & Giaschi, D. E. (2004). Children with dyslexia: Evidence for
visual attention deﬁcits in perception of rapid sequences of objects. Vision
Research, 44, 2521–2535.
Visser, T. A., Zuvic, S. M., Bischof, W. F., & Di Lollo, V. (1999). The attentional blink
with targets in different spatial locations. Psychonomic Bulletin & Review, 6,
432–436.
